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Fuel cell is regarded as an effective and promising tool to solve 

environmental and energy problems [1-3]. The oxygen reduction 

reaction (ORR) reaction at the cathode in fuel cell sustained by 

oxygen or air plays critical rule for efficiently energy transfor-

mation. In general the ORR essentially needs catalysts to acceler-

ate the process and realize high reaction efficiency. Among many 

catalysts developed over the past decades, Pt has shown the best 

catalytic performance. But its high cost has hampered its large-

scale application and therefore seeking abundant and cheap substi-

tutes for Pt is very necessary and important from the point of view 

of substantial development. Now various non-noble metals and 

functionalized carbon materials have been tested as catalysts for 

the ORR [4,5]. Among the non-noble metal catalysts, Fe [6], Co 

[7] and Mn [8] are the most studied materials. Besides, Cu-based 

materials to catalyze the ORR have also been developed rapidly. 

Current researchs about Cu-based catalysts focuses on reducing 

overpotential and increasing onset potential of ORR. Gewirth 

[9,10] prepared Cu complexes of 2,2’-dipicolylamine (DPA) and 

tris-(2-pyridylmethyl)-amine (TPA) and tested them as electrocata-

lysts for the ORR to study the effect of multinuclearity on the 

ORR. These studies highlight the viability of Cu−DPA/Cu-TPA 

complexes serve as guides for designing future laccase models. 

Synthetic Cu complexes exhibit rich reactivity toward O2 and have 

the lowest ORR overpotential at pH 1 or 7. Kamiya [11] synthe-

sized copper-modified covalent triazine frameworks (CTF) hybrid-

ized with carbon nanoparticles (Cu-CTF/CPs) as efficient electro-

catalysts for the ORR in neutral solutions. The ORR onset poten-

tial of the synthesized Cu-CTF/CP was 810 mV , the highest re-

ported value at neutral pH for Cu-based electrocatalysts. Cu-

CTF/CP also displayed higher stability than a Cu-based molecular 

complex at neutral pH during the ORR. This work may provide a 

new platform for the synthesis of durable non-noble-metal electro-

catalysts for various target reactions. Kamiya [12] also reported a 

novel copper-based oxygen reduction electrocatalyst by heat treat-

ing a mixture of reduced graphene oxides (RGO) and a Cu com-

plex of 3,5-diamino-1,2,4-triazole. In neutral solutions, the catalyst 

exhibited efficient electrocatalytic activity for ORR, with an onset 

potential of 790 mV. More importantly, the catalyst possesses high 

stability due to the anchoring of active Cu-sites into the graphene 

substrate via the Cu-N coordination bonds. Wang [13] prepare a 

series of transition-metal phthalocyanines (TMPc) supported on 

graphitized carbon black (TMPc/GCB, TM: Fe, Co, Ni and Cu) as 

ORR electrocatalysts via π-π interaction and self-assembly. It was 

found that TMPc was coated on graphitized carbon black with 

non-aggregated morphology. To better elucidate the ORR catalytic 

mechanism for TMPc/GCB, researchers employed DFT calcula-

tions and drew the following conclusions: (i) O2 adsorption is the 

major step to determine the ORR catalytic activity; (ii) the way of 
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(iii) H2O2 desorption determines the transfer electron number and 

(iv) the OH- desorption and the central metal atom removal togeth-

er leads to the catalysts less durable. 

From the above research, we find Cu-based materials have ex-

hibited excellent electrocatalytic activities for ORR [14], but rela-

tively few studies examine their ability to catalyze the reduction of 

dioxygen to water [15]. From a technical standpoint, the key to fuel 

cell viability is efficient mediation of the ORR to water: O2 + 4 e− + 

4 H+ → 2 H2O. This 4e− reduction is almost critically relevant to all 

fuel cells. Therefore, in this work, we hydrilized copper phthalocy-

anine (CuPc), a good electrocatalytically active material with re-

duced graphene oxide (RGO) sheets via strong π-π interaction. And 

these CuPc/RGO composites were investigated for electrocatalytic 

ORR. 

All reagents used in this work were of analytical grade and em-

ployed without further purification. Graphite was purchased from 

Sinopharm Chemical Reagent Co. (Shanghai, China). Hydrazine 

solution (85%) was provided by Beijing Chemicals Inc (Beijing, 

China). All reagents are analytical grade. Water was distilled from 

an all-quartz still and high pure oxygen were used for aeration. 

Fluoroscence spectra were recorded with a Shimadzu RF-

5301PC Fluorescence Spectrophotometer (Shimadzu, Japan). Elec-

trochemical measurements was conducted on a CHI 832 Electro-

chemical workstation (CHI, USA). The morphologies of RGO and 

CuPc/RGO were examined with a JSM-671F cold field emission 

scanning electron microscope (SEM, Electro-optical company, 

Japan). Acidity was measured by a PHS-3B Precision pH Meter 

(Shanghai, China), and all sonication was done using a KQ-100 

Ultrasonic Cleaner (Kunshan, China). 

A modified Hummers [16,17] method was utilized to synthesize 

the graphene oxide. Hydrazine hydrate was added into graphene 

oxide drop by drop, and then reacted at 80 ºC for 24h. After cooling 

to room temperature, the solid was filtered, subsequently washed 

with methanol and distilled water, and dried to obtain graphene 

(RGO). 

Urea (0.092 mol), phthalic anhydride (0.018 mol), copper (II) 

chloride (0.005 mol), and ammonium molybdate (0.0596 mol) were 

ground for 30 min in an agate mortar. The mixture was put into a 

flask and wetted with distilled water (5 ml). It was then heated in a 

microwave oven at 600 W for 5 min. The crude product was puri-

fied by washing in sequence with hot water (70 ºC), 6 M HCl, 1 M 

NaOH, and with hot water again followed by filtration. After these 

steps, the pigment was washed with ethanol and filtered until the 

filtrate was colorless. The resulting pigmentwas dried in an oven at 

100 ºC. 

The preparation of CuPc/RGO was as follows: dichloromethane 

as the solvent, 5 mg/ml CuPc solution and 5 mg/ml RGO suspen-

sion were mixtured together. During ultrasonication, ethanol was 

added dropwise to the mixture until the liquid became clear. The 

nanocomposite was collected by filtration, washed with water and 

ethanol and dried in vacuum (80 ºC). 

Prior to modification, the glass carbon electrode was polished 

with 1.0, 0.3, and 0.05 μm alumina slurry, rinsed thoroughly with 

ultrapure water and ethanol, and dried with nitrogen, then washed 

successively with 1:1 nitric acid, acetone, and ultrapure water in an 

ultrasonic bath and dried in air. 1 mg CuPc/RGO nanocomposite 

was dispersed in 1ml DMF under ultrasonication for 1 h. A certain 

amount of suspended droplets applied to the polished glass carbon 

electrode (GCE) surface, and then dried at room temperature. Fi-

nally, 0.3% nafion solution was dropped on the CuPc/RGO/GCE 

surface. 

Cyclic voltammetry measurements (CVs) were carried out with a 

CHI 832 electrochemistry workstation in 0.1 M different pH solu-

tion with a conventional three-electrode system comprised of a 

platinum wire as the auxiliary electrode, an Ag/AgCl as the refer-

ence electrode and the modified GCE as working electrode at a 

appropriate potential range. 

The morphology of RGO and CuPc/RGO nanocomposites were 

 

    

    

Figure 1. SEM image of RGO (A) and CuPc/RGO composites (B). 
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characterized by scanning electronmicroscopy (SEM). Fig. 1A 

show the typical layered sheets structure of RGO with a rippled 

morphology of the flake-like shapes randomly packed in stacked 

structures which demonstrated that graphene sheet structure was 

obtained. Furthermore, the adsorption of CuPc on the RGO surface 

can be seen clearly in SEM images and indicate forming a film of 

homogenous surface morphology. The strong attractive forces be-

tween RGO sheets and CuPc molecules, due to π-π interaction, lead 

to composite formation. As shown in Fig. 1B, it can be seen that a 

film of CuPc with layered and wrinkled structure resides on the 

surface of the RGO sheets. The layered structures appear rougher 

than the morphology of pure RGO, indicating that CuPc has been 

successfully combined onto the surface of RGO. CuPc/RGO nano-

composites are beneficial for the fabrication of catalysis platforms 

due to their structure which provides a large surface area for further 

immobilization of various molecules. 

Fluorescence spectrometry of CoPc/RGO nanocomposites were 

recorded to examine the electronic interactions of CuPc and RGO 

(Fig. 2). CuPc showed the typical fluorescence spectrometry of 

metallophthalocyanines and had a strong fluorescence peak at 570 

nm. But when CuPc combined with RGO. We could observe dis-

tinctly luminescence quenching of CuPc, which reveals that there is 

a strong interaction between the excited state of CuPc and RGO in 

the hybrids. The fluorescence quenching of the excited CuPc may 

be due to its photoinduced electron transfer or energy transfer to 

RGO, which acts as a charge sink due to its conjugated network. 

This is a further evidence of the synthesis of CuPc/RGO. By com-

parsion, quenching phenomenon is extremely obvious when mass 

ratio in composite is 1:1. This were consistent with the former re-

port [18-21]. 

CuPc/RGO was tested for dissolution respectively in DMF, 

CH2Cl2, H2O, CH3CH2OH, CHCl3 solution under ultrasonicattion, 

then stand for several days at room temperature (Fig. 3). By com-

parison, we found that the CuPc/RGO composites became clear and 

transparent and dissolved in DMF. It is well known that CuPc easi-

ly dimerizes in water to form non photoactive H aggregate whereas 

it can not dimerize in DMF [22,23]. So in this study, DMF was 

picked as the solvent, in which CuPc/ RGO is well dissolved. 

CVs was employed for investigating the electrochemical behav-

ior of molecular oxygen at different electrodes (Fig. 4). In 0.1 M 

PBS buffer solution (pH=7.0), all modified electrodes displayed a 

reduction peak current around -0.7 V, suggesting that electron 

transfer was realized. The CuPc/RGO/nafion/GCE showed the 

largest reduction peak current compared to the other electrodes. 

And we didn’t find the ORR activites in the absence of O2. The 

electrocatalytic effects of CuPc/RGO composites on the saturation 

oxygen were likely attributed to high surface area which made 

electron transfer rate increase significantly. In addition, the high 

conductivity of graphene is also responsible for the increased cur-

rent. Electrons can travel without being scattered off course by 

lattice imperfections and foreign atoms in graphene due to the high 
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Figure 4. CVs of CuPc/RGO/nafion/GCE (a), RGO/nafion/GCE 

(b), CuPc/nafion/GCE (c) and nafion/GCE (d) in 0.1 M PBS 

(pH=7) containing saturation oxygen, dispensing volume is 5μl; 

scan rate 50 mV s-1. 

 

 

 
          

Figure 3. Image of CuPc/RGO dispersing in DMF (A), CH2Cl2 

(B), H2O (C), CH3CH2OH (D), CHCl3 € 
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Figure 2. Fluorescence spectrometry of CuPc (a) and CuPc/RGO 

composites, the mass ratio of CuPc and RGO in composite is 10:1 

(b), 1:10 (c), 1:1 (d). 
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quality of its crystal lattice. The conduction electrons of graphene 

move much faster and as if they had far less mass than the electrons 

that wander about through ordinary metals and semiconductors 

[24]. The catalytic ability of the composite have enhanced to mo-

lecular oxygen by interaction of two materials. These two factors 

mentioned above make that the CuPc/RGO composite show excel-

lent electrocatalytic properties for dioxygen reduction. 

Numerous studies reported the usage of graphene-supported 

phthalocyanines (porphyrins) or their metal compounds as efficient 

electrocatalysts for dioxygen reduction [25-29]. These nanocompo-

sites revealed certain degree of electrocatalytic activity towards 

dioxygen reduction. In alkaline medium, almost all electrocatalysts 

established a pathway of 4-electron transfer reactions. But the prep-

aration of these nanocomposites were comparatively complicated 

compared with our complex which is synthesized by the simple π-π 

conjugate interaction and effective method to improve the electro-

catalytic activity of CuPc for combination with RGO. Electrochem-

ical reduction/solvothermal/covalence combine have been made to 

prepare compounds in different literatures. 

Fig. 5 shown the CVs of the CuPc/RGO/nafion/GCE in 0.1 M 

PBS (pH=7.0) containing saturation oxygen with different mass 

ratio of CuPc and RGO in composite. It can be seen that reduction 

peak potential for different mass ratio remains unchanged basically. 

By contrary, the significant changes in current intensity take place. 

When the mass ratio of CuPc to RGO in composite is 1:1, it can be 

observed that the reduction peak currents was larger than the oth-

ers. It may be due to the CuPc can be dispersed uniformly and did 

not gathered at RGO surface, which promote the electron transfer 

effectively under this mass ratio. A further experiment was made. 

Reduction peak currents are greatly influenced by the amount of 

CuPc/RGO deposited on the surface of glassy carbon electrode. 

When 5 μl of CuPc/RGO suspension is deposited on the surface of 

GCE, results show that the reduction peak current and peak poten-

tial of dioxygen are ideal for ORR when the concentration of CuP-

c/RGO is 1 mg/ml (Fig. 6). Casting volume of CuPc/RGO greater 

than 5 μL causes the CuPc/RGO coating on electrode surface ex-

cessively thick. Due to the excessive thickness of CuPc/RGO coat-

ing, the catalyst can not be employed efficiently and the diffusion 

of catalytic substrate to electrode surface becomes more difficult, 

thus the reduction peak current is reduced and the peak potentials is 

more negative. Moreover, when the casting volume of CuPc/RGO 

is less than 5 μl, the catalyst can not cover fully on the surface of 

electrodes, also cause the reduction peak current of dioxygen re-

duced. So, in our experiments, 5 μl of CuPc/RGO suspension with 

a concentration of 1 mg/ml was used in the preparation of CuP-

c/RGO-modified electrode.  

In most cases, the solution pH is an important influence factor on 
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Figure 5. CVs of the CuPc/RGO/nafion/GCE in 0.1 M PBS 

(pH=7.0) containing saturation oxygen with different mass ratio of 

CuPc and RGO in composite: 1:1 (a), 1:10 (b) and 10:1 (c); dis-

pensing volume is 5 μl; scan rate 50 mV s-1. 

 

 

 

 

0.0 -0.4 -0.8 -1.2

0

6

12

18

d

c
b

a

I/



E/V vs.Ag/AgCl

Figure 6. CVs of CuPc/RGO/nafion/GCE in 0.1 M PBS (pH=7.0) 

containing saturation oxygen with different dispensing volume. 5 

μl (a), 10 μl (b), 15 μl (c) and 3 μl (d); mass ratio of CuPc and 

RGO in composite is 1:1; scan rate is 50 mV s-1. 
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Figure 7. CVs of CuPc/RGO/nafion/GCE in the presence of satu-

ration oxygen with different pH of buffer solution (0.1M): pH 12.0 

(a), pH 1.0 (b), pH 4.0 (c), pH 10.0 (d) and pH 7.0 (e); mass ratio 

of CuPc and RGO in composite is 1:1, dispensing volume is 5 μl, 

scan rate is 50 mV s-1. 
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the electrochemical reaction. Cyclic voltammetry was carryed out 

to characterize influence of solution pH on electrochemical behav-

ior of saturated oxygen at CuPc/GR/nafion/GCE. Fig. 7 showed the 

dependence of reduction peak of oxygen with different pH solu-

tion: H2SO4 solution (pH=1.0), NaAc-HAc (pH=4.0), PBS (pH=7), 

Na2CO3-NaHCO3 (pH=10), NaOH (pH=12). Obviously, under 

acidic conditions, the reduction peak potential (about -0.75V) is 

more negative than neutral solution. Conversely, the reduction peak 

potential (about -0.45V) is more positive in alkaline. In addition, 

the difference of reduction peak current is also greater in alkaline. 

Relationship between different scan rate and reduction peak cur-

rent intensity of CuPc/RGO/Nafion/GCE were investigated further 

by CVs in 0.1M NaAc-HAc (pH=4.0) and 0.1M NaOH (pH=12.0) 

(Fig. 8). As scan rate in the range of 20 mV s-1 to 240 mV s-1, the 

reduction peak current intensity increased continuously. Current 

intensity increased linearly with square root of scan rate is a liner 

relationship. This study suggested that the electrocatalytic process-

es were controlled by molecular oxygen diffusion on the surface of 

modified electrode [30]. For a typical irreversible reaction, the 

relationship between peak current and scan rate was as follows [31-

33]. 

 
ΔEp is the peak potential change when the scan rate increases 10-

fold. Other symbols have their usual significance. The number of 

electrons n for the reduction dioxygen could be calculated as 2.05 

for CuPc/RGO/Nafion/GCE in 0.1M NaAc-HAc (pH=4.0) and 4.13 

in 0.1 M NaOH (pH=12.0). These facts concluded that under catal-

ysis of CuPc/RGO, dioxygen reaching the surface of electrode by 

diffusion was reduced mainly through a 2-electron process to H2O2 

in acidic solution, and a 4-electron process to water in alkaline solu-

tion. Electron transfer process was concerned with proton in acidic 

condition. Conversely, the oxygen can reduced easily under alka-

line condition. And molecules oxygen were reduced directly to 

water by acquirement of the 4 electrons. The reduction equation 

was as follows. 

 

In summary, A new type of CuPc/RGO nanocomposites were 

synthesized by a simple π-π conjugate interaction, with CuPc 

adsorbed/inserted on/in RGO sheets. The prepared CuPc/RGO 

nanocomposites modified electrode (CuPc/RGO/nafion/GCE) ex-

hibited enhanced electrocatalytic activity towards dioxygen in the 

mass ratio of CuPc and RGO in composite is 1:1. Under catalysis 

of CuPc/RGO, oxygen molecular reached the electrode by diffu-

sion with a 2-electron process in acidic solution and a 4-electron 

process in alkaline solution. During the past decades, fuel cells have 

been widely investigated and considered as one of most promising 

fields for attaining energy in the near future. Due to the feature of 

high stability, catalytic efficiency, low pollution, CuPc/RGO nano-

composite materials can be useful for electrochemical catalytic 

with better performance. 
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